Background {#Sec1}
==========

Low back pain (LBP) is the second most common complaint encountered by primary care physicians. It is associated with more disability than any other condition \[[@CR1]--[@CR4]\]. LBP is a presenting symptom for a myriad of disorders, some of which do not involve the spinal column. For those patients with back pain originating in the spine, an exact pathologic diagnosis is many times elusive. The inability to identify the exact cause of LBP in many patients leads to difficulty in treating the condition.

When LBP lasts for less than a month, it is said to be acute, for between 1 and 3 months subacute, and beyond that, chronic. Chronic LBP, with an estimated annual prevalence of 15\~45% and a lifetime prevalence of 23%, is associated with significant medical and socioeconomic problems \[[@CR5]--[@CR7]\]. Specific causes of LBP are uncommon, and in approximately 90% of patients a specific generator cannot be identified with certainty \[[@CR8], [@CR9]\]. Clinical examination is not accurate in diagnosing the source of the chronic LBP. Potential sources of chronic LBP of the spinal column include the facet joints, sacroiliac joints, and intervertebral disks. These sources of pain were classified as non-specific LBP \[[@CR1], [@CR10]--[@CR12]\]. They differ from secondary or specific back pain, which has a number of different causes, and may be spinal or extra-spinal (infection, inflammation, tumor, trauma).

Facet joints are complex three-dimensional structures, which serve in a multiplanar biomechanical capacity as osseous stabilizers of the posterior spinal column. They play an important role in maintaining stability of the lumbar spine by sharing load in compression and extension, and protecting the disc from excessive shear and rotational forces. Facet orientation (FO) and facet tropism (FT) are two important structural parameters of lumbar facet joint \[[@CR13]--[@CR15]\]. FO and FT may be associated with degenerative changes in the facet joints, either as the cause of degenerative changes or as the result of abnormal forces produced by degeneration. FO is the angle of the facet joint in the transverse view relative to the coronal plane. FT is defined as asymmetry between the left and right facet joint angles, with one joint having a more sagittal orientation than the other \[[@CR16], [@CR17]\]. Many previous studies have focused on the relationship between facet joint parameters and lumbar disc herniation or degenerative spondylolisthesis \[[@CR15], [@CR16], [@CR18]--[@CR21]\]. Nevertheless, the results of these studies were inconclusive \[[@CR22]--[@CR24]\]. Additionally, data on studies investigated the effects of FO and FT on chronic LBP appear only rarely in the literature. Therefore, the aim of this study was to evaluate the association between FO and FT, and chronic LBP in an Chinese population sample.

Methods {#Sec2}
=======

Patient Population {#Sec3}
------------------

All the cases in this study undergoing multidetector CT scan were asked to complete the modified Nordic Low Back Questionnaire \[[@CR25]\]. The first question on this questionnaire was: "Have you had low back pain on most days of at least 1 month in the last 12 months?" Individuals, who answered "yes," or "no" on the above question, were categorized in the present study as the LBP outcome (dichotomous index). Similar methods are widely used in studies of work related LBP \[[@CR12], [@CR26], [@CR27]\].

These patients had been referred to our hospital for diagnostic evaluation and treatment of bilateral chronic LBP, and had undergone CT scanning of their lumbar spine. In addition, 108 patients with digestive system diseases who underwent abdominal CT examination and hadn't chronic LBP, were also included as a control group in this study. Patients with malformation (2 patients), previous spinal surgery or trauma (5 patients), inflammatory disease, spondylolisthesis (7 patients), myopathy, degenerative lumbar scoliosis (4 patients) or intervertebral disc herniation (9 patients) or radiculopathy, were excluded from this study. All the patients or relatives gave informed consent to participate in this study. Finally, a total of 542 cases were enrolled in this study. There were 237 males and 305 females with a mean age of 35.8 years (range 18\~59 years).

Data collection and outcome evaluations {#Sec4}
---------------------------------------

All the cases were divided into a LBP group (LBP group) and a non-LBP group (N-LBP group) in this study. We compared their clinical parameters \[age, gender, body mass index (BMI), diabetes mellitus, current smoking, sports activity, occupational lifting, occupational driving\], and facet joint parameters (FO and FT). Facet joint parameters were measured on the axial CT images at L3-L4, L4-L5, and L5-S1, using bone windows by using the method described by Noren et al and Li et al (Fig. [1](#Fig1){ref-type="fig"}) \[[@CR17], [@CR21]\]. Fig. 1Diagram of the method used to measure the facet joint angle. The facet line is drawn between the 2 peaks of each of the superior articular facets (D and E). The midline is drawn through the center of the lumbar vertebral body (O, AO = OB) and the middle point of the base of the spinous process. The angle between the midsagittal line and facet line was measured for each side of the lumbar vertebral body (αR = right facet angle, αL = left facet angle). Facet orientation = (αR+αL)/2; Facet tropism = \|αR-αL\|

A reading protocol for evaluation of FO and FT based on the above measuring method was developed. Using this protocol, one experienced musculoskeletal radiologist and two experienced spine surgeons analyzed the selected axial images. They were asked to do the measurements independently without referring back to previous imagines where they had completed the analyses. Measurements were repeated after 2 weeks with the same protocol. Inter- and intra-observer repeatability were calculated using an intra-class correlation coefficient, ICC (1, 3), formula \[[@CR28]\]. The intra-observer reliability for grading different FO and FT indexes varied between 0.73 and 0.95. The inter-observer reliability ranged from 0.67 to 0.93. This range of kappa statistics represents fair to excellent reproducibility.

Statistical analysis {#Sec5}
--------------------

The Statistical Package for Social Sciences software for Windows (Ver. 17.0, SPSS Inc, Chicago, IL) was used for the analysis. Age conformed to the normal distribution, and it was expressed as the mean ± standard deviation. The other measurement data did not conform to the normal distribution, so these parameters were expressed as the median (minimum, maximum). Univariate analysis was performed using One-Way ANOVA, Pearson χ2 test and Mann-Whitney U for potential parameters. Univariate and multiple logistic regression analysis was used to evaluate the effect of each factor on the chronic LBP. All of the above analysis and tests were with a *p* value of \< 0.05 considered statistically significant.

Results {#Sec6}
=======

The LBP group was composed of 190 male and 252 female, whose ages ranged from 18 to 59 years (35.6 ±7.9 y). The N- LBP group was composed of 47 male and 53 female, whose ages ranged from 18 to 59 years (35.9 ± 7.5 y). The results of univariate analysis of parameters were summarized in Table [1](#Tab1){ref-type="table"}. Of these parameters, BMI (*P* = 0.008) and FT (*P* = 0.003) at all three levels were found to be significantly associated with incidence of chronic LBP (*P* \< 0.05), but FO were only found to be significant at L3-L4 level and L5-S1 level (*P* \< 0.05). Univariate and multiple logistic regression analysis was used to evaluate the effect of each factor on the chronic LBP (Table [2](#Tab2){ref-type="table"}). Logistic regression analysis showed that high BMI and large FT were significant risk factors for chronic LBP (*P* \< 0.05), and FT were found to might be independent risk factors for chronic LBP. Table 1FO and FT for chronic LBP at three levels using univariate analysisVariableNon-LBP Group\
(*n* = 100)LBP Group\
(n =442)*P*Age (ys)35.88±7.4535.55±7.890.421Gender (male:female)47:53190:2520.465BMI22.63(17.11\~32.69)23.43(17.11\~33.59)0.008Current smoking21(21.00%)100(22.62%)0.725Alcohol5(5.00%)31(7.01%)0.465Diabetes mellitus11(11.00%)56(12.67%)0.647Occupational lifting31(31.00%)143(32.35%)0.794Occupational driving33(33.00%)144(32.58%)0.935Sports activity29(29.00%)128(28.96%)0.994L3-L4 FO(°)33.83(13.50\~58.60)36.83(4.60\~60.30)0.046 FT(°)2.85(0.00\~35.80)4.45(0.00\~26.00)\<.001L4-L5 FO(°)43.90(16.50\~65.70)45.40(5.50\~91.35)0.229 FT(°)2.70 (0.00\~17.30)4.70(0.00\~47.10)\<001L5-S1 FO(°)49.23(27.00\~78.35)52.50(18.20\~86.60)0.007 FT(°)3.40(0.10\~27.30)5.60(0.00\~53.40)\<.001LBP: low back pain; BMI: body mass index; FO: facet orientation; FT: facet tropismTable 2FO and FT for chronic LBP using univariate and multiple logistic regression analysisVariableUnivariate Logistic Regression AnalysisMultiple Logistic Regression AnalysisOR95% CI*P*OR95% CI*P*BMI1.0961.023\~1.1740.0091.0761.003\~1.1530.040L3-L4 FO1.0160.992\~1.0400.191 FT1.1411.068\~1.219\<.0011.1191.048\~1.1960.001L4-L5 FO1.0100.989\~1.0320.339 FT1.1041.045\~1.166\<.0011.0861.026\~1.1500.005L5-S1 FO1.0291.008\~1.0520.0081.0301.006\~1.0550.013 FT1.0671.020\~1.1160.0051.0511.005\~1.0990.029LBP: low back pain; BMI: body mass index; FO: facet orientation; FT: facet tropism

Discussion {#Sec7}
==========

The cause of chronic LBP in cases without clear and serious anatomic pathology is not known. The serious structural lesions such as tumors, infection, fractures, and severe deformities are frequently painful and fortunately can be diagnosed with modern imaging studies. However, these patients with serious structural problems are uncommon. Much more commonly people have back pain episodes of varying degrees and either do not seek care or are treated symptomatically without a pathoanatomic diagnosis. Why some people with common backache become patients with serious disability is of enormous clinical and public health importance. Previous studies suggested that structural factors, exposure to mechanical stressors, psychological factors and social circumstances could be correlate with the development of chronic LBP \[[@CR1], [@CR2], [@CR4]--[@CR6], [@CR9], [@CR29]\]. However, there are many debates regarding the risk factors of chronic LBP and it is very difficult to define them because many complicated parameters are involved \[[@CR29]--[@CR32]\]. Therefore, an understanding of the relationship between pathoanatomic abnormality and advanced degeneration is of importance from a clinical and public health perspective.

Many researchers believed that LBP, as a result of lumbar degeneration, begins in the intervertebral disc, followed by spine malalignment and facet joint degeneration \[[@CR33]--[@CR35]\]. It is quite likely that the intervertebral disc and facet joints contribute to the initial degenerative process. In this study, we analyzed the associations between facet joint parameters (FO and FT), and chronic LBP in a Chinese population sample. To our knowledge, this work represents the first study to date to evaluate the associations between facet joint parameters and chronic LBP.

The facet joints are the only synovial joints in the spine, with hyaline cartilage overlying subchondral bone, a synovial membrane and a joint capsule. The intervertebral disc and the facet joints form a three-joint complex. As an important part of the three-joint complex in the posterior area of the spinal column, the lumbar facet joint has a far-reaching influence on the spine. Many biomechanical studies have considered that the intervertebral disc and the two facet joints carry loads together in the normal lumbar spine \[[@CR36]--[@CR38]\]. Any abnormality of one joint could affect the others, which might cause asymmetric stress transmission to both facet joint and corresponding disc, and this leads to stress concentration at particular regions of disc and facet joint.

Biomechanically, the facet joints primarily share the load in compression, extension, and torsion of the lumbar spine and protect the disc against torsion. Previous studies have found that FO and FT significantly influence the biomechanics of the corresponding segment \[[@CR24], [@CR37], [@CR39]--[@CR41]\]. Some scholars proposed that a more sagittal orientation of the facet joint promoted anterior gliding by reducing resistance to anterior shear forces \[[@CR37], [@CR41]\]. Kim et al. \[[@CR37]\] studied three models at different FOs (50^o^, 55 ^o^, and 60^o^ relative to the coronal plane) and one model with FT (50 ^o^ on the right, 60 ^o^ on the left). The three models with different FOs did not differ in the intradiscal pressure gradient but the FT model had the greatest increase in intradiscal pressure and facet contract force, suggesting that tropism is what makes it more vulnerable to anterior sheer force than orientation. In addition, when tropism was present, the motion segment was found to have a tendency to rotate towards the more oblique joint when axial loads were applied. This asymmetric axial rotation caused by tropism can place additional torsional loads on the intervertebral discs which can lead to intervertebral disc injury and degeneration.

Several studies have examined the relationship between FO, FT and facet joint osteoarthritis (OA) \[[@CR12], [@CR22], [@CR42]--[@CR44]\]. Grogan et al. \[[@CR42]\] found an association between FT and facet sclerosis, although no association was found between FT and a composite score of cartilage degeneration and sclerosis. Conclusions from this study are limited due to the very small sample size (n = 22) and the somewhat arbitrary criteria used to grade degeneration. Liu et al. \[[@CR44]\] studied asymmetric facet joint OA and its relationship to FT and ligamentum flavum thickening using CT scans of L3-4, L4-5, and L5-S1 levels of the patients. The investigators did conclude that there was a positive correlation between FT, asymmetric facet joint OA, and ligamentum flavum thickness. Fujiwara et al. \[[@CR43]\] found a significant association between FO and facet joint OA, but a negligible association between FT and OA in 111 Japanese patients. In a population-based CT study, a significant association between sagittal orientation and OA of the lumbar facet joints at the L4--L5 spinal level was found in 188 individuals. However, no association was found between FT and facet joint OA at any spinal level \[[@CR22]\].

We found a significant difference in FT between non-LBP and LBP groups in the current study. Does this indicate that FT plays an important role in the production of LBP? Data on studies investigated the effects of FO and FT on chronic LBP appear only rarely in the literature. For this reason,, we compared the FO and FT in depth between the non-LBP and LBP groups in an Chinese population sample, and found that there was a significant correlation between FT and chronic LBP. We considered that both sides of the facet joints and intervertebral disc together constitute the spinal three-joint complex. When the lumbar spine is flexed and twisted, if both joints are asymmetric, the stress of the three-joint complex is imbalanced. Resistance on the sides of the vertebral body is different, and the vertebral body will deviate from the original trajectory, thus pulling the rear of the intervertebral disc. Such a loading imbalance may accelerate the degeneration of the facet joints and intervertebral discs. Therefore, FT may play a more important role in the pathogenesis of chronic LBP.

Limitations {#Sec8}
-----------

Our study has several limitations. This was a cross-sectional observational study on facet angle. our study was limited by geometrical considerations. Even if facet joints often were not planar, our measurements did not take into account the complex three-dimensional geometry of the facet joints and their relationship with the disc and facet joint degeneration. Due to these limitations, future studies should focus on more sophisticated biomechanical factors of the lumbar spine, and further explore the correlation between biomechanical factors and chronic LBP. Accordingly, we plan to perform next the biomechanical analysis of facet configuration such as FT and FO in finite element models of lumbar spine.

Conclusions {#Sec9}
===========

The current study showed that FT were found to be independent risk factors for chronic LBP. FT may play a more important role in the pathogenesis of chronic LBP. The exact mechanism between facet joint parameters and chronic LBP warrants further investigation.
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